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Enrichment of heavy metals in the seagrass bed of Liusha Bay
XU Zhanzhou' ", ZHU Aijia'? ,CAl Weixu' ,ZHANG Jinghuai' , YE Jianping'

1 South China Sea Environmental Monitoring Center ,SOA , Guangzhou 510300 , China

2 Graduate University of Chinese Academy of Sciences , Beijing 100049 , China

Abstract . Seagrass beds are valuable coastal ecosystems and are also of economic importance. For the first time, we
measured the levels of heavy metals ( copper, lead, cadmium, and zinc) in the environment and in the bodies of benthic
biota within a seagrass bed in Liusha Bay, Guangdong Province. The results revealed that concentrations of heavy metals in
the water column and sediment were relatively low and of little potential threat to the ecosystem. The average concentrations
of copper, lead, and zinc in the water column were (2.2+0.1) peg/L, (0.8%0.2) pg/L, and (7.0+0.3) pg/L,
respectively. Cadmium was not detected in the water column. The average concentrations of copper, lead, cadmium, and
zinc in the surface of the sediment were (8.2+0.3) pg/L, (17.3%1.2) peg/L, (0.10£0.2) pg/L, and (11.9+0.2)
png/L, respectively. The ratios of metal concentration in water compared with sediment were 3 791, 21 625, 2 900, and
1681 for copper, lead, cadmium, and zinc, respectively. In contrast the levels of metals, especially cadmium, were
markedly high in the bodies of macro-benthos such as the green algae, seagrasses, mollusca, and gastropods. The average
concentrations of copper, lead, cadmium, and zinc in the green algae were 320, 21.0, 0.59 pg/L, and 142 pg/L,
respectively. The average concentrations of copper, lead, cadmium, and zinc in the seagrasses were 13.2, 10.6, 1.00
pe/L, and 72.2 pg/L, respectively. The average concentrations of copper, lead, cadmium, and zinc in the bodies of
mollusca were 1.9, 0.6, 1.0 ng/L, and 13.3 pg/L, respectively. The average concentrations of copper, lead, cadmium,
and zinc in the bodies of gastropods were 5.3, 1.5, 0. 15 png/L, and 21. 4 pg/L, respectively. The biological
concentrating factors of benthic flora were generally greater than those of benthic fauna. The average biological concentrating
factors for copper, lead, cadmium, and zinc in the green algae were 145.45, 26.25, 11.80, and 20.29, respectively.

The average biological concentrating factors for copper, lead, cadmium, and zinc in the seagrasses were 6. 00, 13.25,
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20.00, and 10.31, respectively. The average biological concentrating factors for copper, lead, cadmium, and zinc in the
bodies of mollusca were 0. 86, 0.75, 20. 00, and 1. 90, respectively. The average biological concentrating factors for
copper, lead, cadmium, and zinc in the bodies of gastropods were 2. 41, 1. 88, 3.00, and 3. 06, respectively. The
maximum biological concentrating factor was found for copper, in the alga Cladophora glomerata. Higher levels of copper,
lead, and zinc were found in the green algae than in the seagrass. Lower levels of copper, lead, and zinc were concentrated
in the bodies of mollusca than in the gastropods. For cadmium, the patterns of enrichment were reversed. This indicated
that the dynamics of enrichment for cadmium might be very different from those of copper, lead, and zinc. Meanwhile, of
these four metals, the biological concentrating factor of cadmium was the highest in seagrasses and mollusca. It was also the
second highest in gastropods. In contrast, the biological concentrating factor of cadmium was the lowest of the four metals in
the green algae. This indicated that the dynamics of enrichment for cadmium in the green algae might be very different from
those in seagrasses, mollusca, and gastropods. The concentrations of lead and cadmium in the bodies of mollusca greatly
exceeded the first levels of Marine Biological Quality (GB18421—2001, lead: 0. Img/kg; cadmium:; 0.2mg/kg). The
greatest quality index (16.2) was found for cadmium in the bodies of Barbatia fusca, indicating that there was cadmium

discharging near the seagrass meadow.

Key Words: seagrass bed; heavy metal ; enrichment; potential threat
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PRIFER ] CHEFEELE P 5 ) (GB 18421—2001) HLRE 15— PR (E ; B AR SR AL W IR o B s I P vfER T (42
I Y 2 RO R 5 R £ T DR ) T L A AR W B AR e (L3 2)

2 #ERE5TE
2.1 WREEFURHEAE RN 4R & i

SRR DX K AR ) S 24 2R B A 29. 42 KRR 2
DI E SR SRR 3, EKED, ELmEED
ERIA T & Zn> Cu> Pb> Cd, fa At il T 7E 2T
FRW e, H 4 A VR B () = IS J2 Pb >Zn> Cu> Cd,
DU K A (4 T 4 T i E AR K/ NIBRE J2&: Ph > Cu

K2 EMEEBTEMEAE (ug/g)

Table 2 Standsrds for biological quality assessment

ER7/E ]

C Pb Cd V7
Biological sorts b "
X552 Mollusca <10 <0.1 <0.2 <20
M8 2 Gastropods <100 <10.0 <5.5 <250

>Cd>Zn,

JERVEYRNTE SRS IR 4, ALIILPEC TR 2 Bl SR 2 Bh X5EIE 11 Rl RIS 3 T, Sk
R A B R/MIUT & Cu>Zn> Ph>Cd ; 35 5 4 J& & YR/ MIRF & Zn> Cu> Pb> Cd; XGESAR N H 4
J& & BB R /NBUT S Zn > Cu>Cd >Ph ; I8 2 20K 4 G J8 5 B B89 K/ & Zn > Cu>Ph>Cd , A= AR N Y

®3 BERNMEKENRERARYHIEEESTE(n=3)

Table 3 Levels of heavy metals in the water column and sediment at the seagrass bed (n=3)

FEf Samples Cu Pb Zn

WEIK Sea water / (ng/L) 2.2+0.1 0.8+0.2 7.0£0.3

YUY Sediments / (ng/g THE) 8.2+0.3 17.3+1.2 0.100.2 11.9£0.2

DU/ /KA Sediments/water 3791 21625 1681

* WO K FE A R A 1/4 113 LU (B
x4 BEREHEEVENELREE (pg/g TH,n=3)
Table 4 Levels of heavy metals in the bodies of benthic biota within the seagrass bed

bt A Cu Pb Cd Zn

Group Name

£ 31 WFE Enteromorpha prolifera 60.5+8.2 25.5+6.4 0.68+0.2 192+11.7

Green algae oA W R Cladophora fascicularis 579+15.3 16.4+3.5 0.49+0.2 91.9+7.9
F-HJ{E Mean 320 21.0 0.59 142

T FIRW Halophila ovalis 15.0+1.2 16.9+3.4 1.41+0.6 81.9+8.5

Seagrasses 243 Halodule uninervis 11.5+£2.4 4.2+1.6 0.58+0.2 62.6+7.5
SE-HI{H Mean 13.2 10.6 1.00 72.2

PAGHES HAEEWA Dosinia japonica 4.420.3 0.8+0.2 1.23+0.7 9.2+3.3

Mollusca H AR Paphia euglypta 2.4+0.2 1.0+0.3 0.37+0.2 10.9+3.2
YTk Atrina pectinata 0.5+0.1 0.4+0.1 1.19£0.4 16.1£3.4
AR INAT Ruditapes philippinarum 1.4+0.4 0.5+0.1 0.43+0.2 13.7+4.1
kiUl Barbatia amygdalumiostu 1.0+0.3 0.9+0.2 3.24+0.4 17.6+2.3
BELCE AR Paphia lirata 1.30.1 0.2+0.1 2.81+0.3 9.6x2.1
BMEMH Cucullaea labios granulosa 0.7+0.2 1.2+0.4 1.0420.3 15.1%3.7
KATUE Solen grandis 3.0£1.2 0.4+0. 0.16+0.02 15.2+1.5
SR Solecurtus divaricata 0.9+0.2 0.3+0.1 0.19+0.02 18.5+3.2
i1 Callisia sp. 3.2+0.2 0.9+0.2 0.13+0.02 12.9+3.8
NG Gafrarium divaricatum 1.6+0.1 0.4=0.1 0.17+0.02 7.6£2.4
SEFI{E Mean 1.9 0.6 1.0 13.3

R TSR Sinum, javanicum 5.4%1.2 1.320.3 0.050.01 18.1+1.3

Gastropods s S AR Cerithidea cingulata 3.6+0.5 1.0+0.4 0.16+.01 20.9+£2.5
F5 MNZNGUIR Nassarius festivus 6.9+0.8 2.1+0.7 0.25+0.01 25.1+4.3
SE-HJ{E Mean 5.3 1.5 0.15 21.4
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VB 3 A e AR X A oY A R — B X SRR D O AR B R A AR B S I R T
E Ly LGP (AT e
2.2 UIBRWESRBEESEE
e Tl Ak LL i {Riqq@tpiéz\}%ﬂaﬁﬁ%ﬁﬁ% x5 BERMBYHESENEERE(C) MBEESRERY

BRI RA TR 5. WL skl o S
A}%’E@%ﬂ%%éﬁlﬂ@j{d\ﬁﬁuﬁ Pb> Cu> Cd> Zn .%}%r Table 5 Accumulating coefficients (Cf) and potential ecological risk

28 E RZ B R /NEEF & Cd>Pb>Cu> Zn, il 4
MEERI EAR/NT 40, RITENT 0GRS H

factors ( £, ) of heavy metals in surface sediments from the

seagrass bed

FEH Index Cu Pb Cd Zn
%1’%0 ?ﬁ*ﬂ%*%ﬁgé\%%{&, %%%ﬁ@%ﬁ(ﬁ&, Cf 0.27 0.69 0.20 0.15
fﬁ%ﬂﬂ??ﬁ@%‘fﬁ%ﬁ%ﬁ%ﬂ:ﬁfﬂﬁ% FEHEEN E 1.36 3.46 6.00 0.15

WEASEERBE KA, X4 FELSEOBELES
fa EFREL RI 79 10.97
2.3 MFRRIRH A YN E 4R A 4

BREVNEERBULEK 6, KAWL EEN S R R B/ PIUT & Cu>Pb>Zn>Cd, 1 HAY & 4R R BN
T fZ Cd>Pb>Zn>Cu , £ 1 & 48 RECI/INIUF FEE R KRBUH S . B T4, 2R 0T oA 3 FhEE 4 )@ 1) 5 48
FBHI O s T o DU A AR R B 22 K (24 %) o RS TINE AY EE 4 R WL BRAT AR 25 5 1
ENTESEEERBORR, BN H 4 8 (1 W EL4E B A PRk W B (CBRAR ) FIRE I () 2218 0 48 (1840 ) 2 1>
BB, FEDRA , E 4 I e I A 380 P 4 M R 1T, 2o R ST L RT3 A 2 4 R B AR AL P S R AR
TEZEUGE LT , 249 80% —90% 114 T 4 J 4 W 5F 28 8 20 AR 3 1T , e IS A AR i 2 A7 — SL DR SR AT e it FR 5 L&
BT 11 U S T R M I 1 I e e e B L D 1 e el S o B T R
FJ@ T A, R o3 () 4 TR R i 4 R e s AR AT R AR MR B 20 A SRR AR N i — D s

x6 BERRELEMNESEEERH(BCR)

Table 6 Biological concentrating factors (BCF) of heavy metals in the bodies of benthic biota from the seagrass bed

3 K
ffjp fjj’e Cu Pb Cd Zn
LR W& Enteromorpha prolifera 27.50 31.88 13.60 27.43
Green algae W Cladophora glomerata 263.18 20.50 9.80 13.13
F-H5{EH Mean 145.45 26.25 11.80 20.29
X FELF Halophila ovalis 6.82 21.13 28.20 11.70
Seagrass 243 Halodule uninervis 5.23 5.25 11.60 8.94
FHME 6.00 13.25 20.00 10.31
PIGES H ABEMA Dosinia japonica 2.00 1.00 24.60 1.31
Mollusca H AR Paphia euglypta 1.09 1.25 7.40 1.56
FITBR Atrina pectinata 0.23 0.50 23.80 2.30
FEHETEMA T Ruditapes philippinarum 0.64 0.63 8.60 1.96
120 Barbatia amygdalumtostum 0.45 1.13 64. 80 2.51
BELCE AR Paphia lirata 0.59 0.25 56.20 1.37
FiMEHY Cucullaea labiosa granulosa 0.32 1.50 20. 80 2.16
KATUE Solen grandis 1.36 0.50 3.20 2.17
SARIE Solecurtus divaricata 0.41 0.38 3.80 2.64
i Callista sp. 1.45 1.13 2.60 1.84
B INR MG Gafraium divaricamum 0.73 0.50 3.40 1.09
F-H5{EH Mean 0.86 0.75 20.00 1.90
JiE R JUHESE I, Sinum javanicum 2.45 1.63 1.00 2.59
Gastropods Bl PUE TFI2 Cerithidea cingulata 1.64 1.25 3.20 2.99
F UL Nassarius festivus 3.14 2.63 5.00 3.59
F-H5{EH Mean 2.41 1.88 3.00 3.06
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EWRIICAEY L, BRSO A B ag e ad R G HORFERE , M R 4 B s R T B S 5 ke R
a3 B AT E A H 818

WHEE Y & B BB /NIF S Cd >Zn> Cu> Ph; I B0 & % RECK/NIF & Zn>Cd> Cu> Ph, WFEK
1Y & B R B/ INIUT FIIE RS FEA — 3, FF 3 G2 (A MiVE sk  FEAR T2 R A7 | S0 L AR i | R A s
UG 0 SR ) XA RV AR AN & AR E I (B AEREUNT 1) I H ARG  E il EL RS Al e i 64 A i
RRBERRT 1, HAD X SE R s A 7E = R AE ], R AR R A R R AFTE 22 5 . Woe R R B I A e s
AR A DIAR R A SO ARG X R0 & R ol 3 . IR Rk DA a4 Jm A AR bR TR I R R A
W BRI & A RECERGE R PIRE 2 | U RS0 S SE R ) B m TR  (HJRIX 3 FiiE R 2RHAN
JEE RN R AL A K, LG RS A SO B AR 2 HR RSk
B SRR E A B AL, T A R R ST E R S R A L AR P A 3h 4 A ) T
&) T s/ N THE R ALK W] RE IR R P e R AR IR B Y, EE LURMI OO B R R A A
P LA RO SR A B o V(%) 150 53 R gt AR 100 T TR A P, OV 1 2 2 S Bl K i A o |, g R N 35
PR E AR RA e B R GAN Y CA IR RN, AR £ B R RN P e A S
TG, Sh ) 4 I8 i BN AR, X A sh iy i i 4 S HE R LRI A 56, AR ST I SR AR 0 IS AN
vk H e 2R AR IR T 400, — 7 TR B T RAE DT EE R R, 53— O 1T, 3 SE i UK 2h ) il J8 b 28 8 A2 4k
AR S W R DRI v e 4 TS YR B

P T3 AR 3 SR AN R, VA B R A ) B 22—t A 30 T e R TR G AV 9 SR o A i 2 1R
XTI 45 10 Y 2 0] B 4 e R ICAT DL R R SR o 1) 427 AR (BRI S A (A5 1 — 2058 . AR SE
VEAS T U U0 T T R RO Y AV A= Wy %oF i) A B R4 1 e AR A0, S DY 5 o 4 T 7R AV 1 W % v () 3 A R e
b DA SR I A T SR A A S, ARSI A 45 SR nT D0 A R R R TR RS ARG A R P ) SR AR R
HoAth, 3 4 A W1 i 25 5 s LB AR o — DR

JEAT A W I B PPN S5 R 0L 3R 7, IR RIS AE Y T R AT, B AR, BGEA AR N Ph A Cd 3L
AR , BRSNS B 512 : Pb(100% , 11 %) ;Cd(63. 6% ,15.2 i) . Al WL XLGe2R A=W iR A Ph Fi
Cd MR L™, TR AGE2E Cd AR T A HRIE ™, U8 AR vl BEAE e Hk IR . WE 2R I e 26
FY 4w P A B 200 YN L IR R ISR B i TR S (R T E R 2RI bR
HERRGEAE 10 53 100 £, BT DA S0 B i RO S 4T X5E 26

R7T BERRBEMHRESH
Table 7 Quality indices of the benthic biota from the seagrass bed

Group Name Cu Pb Cd Zn
PAGHES HZAREEMG Dosinia japonica 0.44 8.00 6.15 0.46
Mollusca H AR Paphia euglypia 0.24 10. 00 1.85 0.55
FIVLHk Atrina pectinata 0.05 4.00 5.95 0.81
I AT Ruditapes philippinarum 0.14 5.00 2.15 0.69
kil Barbatia amygdalumiostum 0.10 9.00 16.2 0.88
BELCE AR Paphia lirata 0.13 2.00 14.05 0.48
HIMEIH Cucullaea labiosa granulosa 0.07 12.0 5.20 0.76
KATUE Solen grandis 0.30 4.00 0.80 0.76
JAAERIR Solecurtus divaricata 0.09 3.00 0.95 0.93
i Callista sp. 0.32 9.00 0.65 0.65
7B MR Gafrarium divaricatum 0.16 4.00 0.85 0.38
fe/ME 0.05 2.00 0.65 0.38
S YNIEL 0.44 12.0 16.2 0.93
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ZEHF Group ZFK Name Cu Pb cd Zn
A 0.19 6.36 4.98 0.67
R JNIESEIR Sinum javanicum 0.05 0.13 0.01 0.07
Gastropods RIS PR Cerithidea cingulata 0.04 0.10 0.03 0.08
F5 MBI Nassarius festivus 0.07 0.21 0.05 0.10
Ie/ME 0.04 0.10 0.01 0.07
S YNIER 0.07 0.21 0.05 0.10
FHE 0.05 0.15 0.03 0.09
3 &g

1) JRVD I B R AR FNRIZ IR h RO A5 B AN B & BARAR  DUARY) B 6 s OV e A G H R
2) R IR JFAT 2o e MR e of L < J A L P B SRR, DU Sk e . P T 2 R M R/ MU R I

R A TR R AR Y R S

3) AT R ISR AR ST S R (17 240 B AR MO/ N T 1, X AR 1) 142 ' SR R B R T 1, JEHER X

AR R RBOAR] 20, WFEEARN Ph F1 Cd BFR U™ 5, 3875 BT AT REA 47 975 S I, IR A2 200 1Y
e S AR A 4, AR A B AR AR BGR AY . PRI, R OCER AR RV T e RO JERATG £E ) A N ) SR AR
& NE R
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